We proposed a fuzzy multiple criteria decision making (MCDM) approach for the preferences of university students in Afyon Kocatepe University over the service quality of selected banks. This research first examined the literature and service quality (SERVQUAL) criteria for the banks. Then, we demonstrated the notation steps of fuzzy VIKOR. A questionnaire consisting of linguistic variables was prepared and applied to almost 400 students and some experts to collect the preferences over service quality. We refrained from asking quantitative numbers in the questionnaire since it is difficult to assess the quality with concrete values. This paper focused only on the applicability of fuzzy MCDM methods over banking service quality. We do not aim to rank the banks and gave them advice though we aimed to show the applicability the methods with linguistic variables. The empirical study analysed four banks and findings are shown in the conclusion section.
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Introduction
Decision making has indeed become an indispensable part of life especially for companies and people. Most decision-making problems usually have multiple and conflicting evaluation standards. Different opinions among decision makers (DM) are the main cause that contributes to conflicts in the process of decision making. Furthermore, it is not possible to avoid the coexistence of qualitative and quantitative data, and the fact that the data are often full of fuzziness and uncertainty.
Multiple criteria decision making (MCDM) is widely used for decision making. The main advantage of MCDM is that it can give DMs many dimensions to consider related elements, and evaluate all possible options under variable degrees (Wang and Pang, 2011) .
After Bellman and Zadeh (1970) had developed the theory of decision behaviour in a fuzzy environment, many related models were developed. Since then, these models have been applied to different fields such as control engineering, artificial intelligence, management science, and MCDM among others. The concept of combining the fuzzy theory and MCDM is referred to as fuzzy MCDM (Wu et al., 2009) .
Some applications of fuzzy MCDM in criteria evaluation and selection of alternatives were employed and demonstrated in preceding studies such as health research (Karsak and Dursun, 2015; Akdag et al., 2014) , industry applications (Sadeghi et al., 2012; Önüt et al., 2009; Yang et al., 2008; Chen et al., 2006; Chiou and Tzeng, 2002) , location selection problems (Fetanat and Khorasaninejad, 2015; Erol et al., 2014; Zak and Weglinski, 2014; Awasthi et al., 2011) , performance and quality evaluations (Parameshwaran et al., 2015; Chou and Cheng, 2012; Kuo and Liang, 2012; Kuo, 2011; Wu et al., 2009; Lee et al., 2008; Pepiot et al., 2008) , logistics and other areas (Tadic et al., 2014; Wu and Lee, 2007; Wang and Chang, 2007; Chiou et al., 2005; Hsieh et al., 2004) .
There are some MCDM methods including qualitative and quantitative methods such as two-dimensional strategic matrix, simple average weight (SAW), technique for order preference by similarity to an ideal solution (TOPSIS) which can be used to make decisions. But these methods cannot reflect the attitude of DMs during the process of decision making. The 'VlseKriterijumska Optimizacija I Kompromisno Resenje' (VIKOR) method has been presented in this paper. The advantage of the VIKOR method is that it can determine a compromise solution to reflect the attitude of most DMs (Wei and Lin, 2008) .
Many researchers have been interested in the VIKOR method, compared with traditional MCDM methods, and employed it in many studies and fields. Chu et al. (2007) compared the VIKOR with SAW and TOPSIS for knowledge communities' group decision analysis. The result of their study showed that the VIKOR and TOPSIS were better than SAW. Opricovic and Tzeng (2004) compared TOPSIS with VIKOR and concluded that the VIKOR method can reflect the attitude of DM better during the process of decision making. Wang and Pang (2011) used the VIKOR method for evaluating service quality (SERVQUAL) of an online auction under fuzzy environment. Afful et al. (2014) applied fuzzy VIKOR to evaluating the quality of internet health information. Lee et al. (2015) proposed an improved group decision-making (GDM) framework that combined the VIKOR method with data fuzzification to quantify the spatial flood vulnerability including multiple criteria. Amiri et al. (2011) proposed a hierarchy MCDM model based on the fuzzy sets theory and the VIKOR method to deal with the supplier selection problems in the supply chain system. Tzeng et al. (2005) applied the VIKOR and TOPSIS methods for analysing of alternative-fuel buses for public transportation. Yang and Wang (2006) used the VIKOR method for analysis of interactive trade in policy-making. Opricovic (2009) presented the VIKOR method for water resource planning.
In fuzzy MCDM techniques, fuzzy VIKOR have been commonly used recently since linguistic assessments were used to evaluate the criteria weights and ranking of alternatives. Because of its characteristics and capabilities, the fuzzy VIKOR method has been chosen for this paper. In this method, the preferences of the subjects are collected through linguistic assessments, and then transformed into fuzzy numbers for treatment by fuzzy VIKOR. The VIKOR method has some advantages compared to other MCDM approaches (Rostamzadeh et al., 2015) Compared with TOPSIS, VIKOR not only considers group utility maximisation and individual regret minimisation, but also can fully reflect the DM's subjective preferences (Opricovic and Tzeng, 2004; Liu and Wu, 2012; Wan et al., 2013) . It can solve discrete decision problems with conflicting and non-commensurable (different units) criteria and provide a solution that is the closest to the ideal. It concentrates on selection and priority of a set of alternatives and determines the just result for issues with conflicting criteria while helping DMs to gain a consensus decision Tzeng, 2004, 2007; Wei and Lin, 2008; Opricovic, 2011; Liu et al., 2013) .
In this paper, the fuzzy VIKOR method has been used for evaluating the university students' preferences on selected Turkish banks located in Afyonkarahisar, Turkey. In order to measure the banks' SERVQUAL, we adopted the well-known SERVQUAL model. SERVQUAL was proposed by Parasuraman et al. in 1988 , which is the most evaluative tool in the SERVQUAL domain. The SERVQUAL authors identified ten elements of SERVQUAL. The ten elements can be explained as follows:
• Competence is the possession of the required skills and knowledge to perform the service. For example, there may be competence in the knowledge and skill of contact personnel, knowledge and skill of operational support personnel and research capabilities of the organisation.
• Courtesy is the consideration for the customer's property and a clean and neat appearance of contact personnel, manifesting as politeness, respect, and friendliness.
• Credibility includes factors such as trustworthiness, belief and honesty. It involves having the customer's best interests at a prime position. It may be influenced by company name, company reputation and the personal characteristics of the contact personnel.
• Security enables the customer to feel free from danger, risk or doubt including physical safety, financial security and confidentiality.
• Access is approachability and ease of contact. For example, convenient office operation hours and locations.
• Communication means both informing customers in a language they are able to understand and also listening to customers. A company may need to adjust its language for the varying needs of its customers. Information might include for example, explanation of the service and its cost, the relationship between services and costs and assurances as to the way any problems are effectively managed.
• Knowing the customer means making an effort to understand the customer's individual needs, providing individualised attention, recognising the customers when they arrive and so on. This in turn helps to delight the customers by rising above their expectations.
• Tangibles are the physical evidence of the service, for instance, the appearance of the physical facilities, tools and equipment used to provide the service; the appearance of personnel and communication materials and the presence of other customers in the service facility.
• Reliability is the ability to perform the promised service in a dependable and accurate manner. The service is performed correctly on the first occasion, the accounting is correct, records are up to date and schedules are kept.
• Responsiveness is the readiness and willingness of employees to help customers by providing prompt timely services, for example, mailing a transaction slip immediately or setting up appointments quickly.
In the early 1990s, the SERVQUAL authors unified some interrelated elements and refined the model to five factors. These five factors are the most used criteria in the studies to evaluate the banking sector services (Hodović and Buric, 2005; Prabhakaran and Satya, 2003; Rod et al., 2009) . We have used six criteria out of ten which are more common to the subjects. We consider that six criteria cover the rest of four criteria. The criteria in our study are tangibles, competence, security, courtesy, access and responsiveness. A questionnaire containing the above mentioned criteria has been prepared and applied to the almost 400 university students. Students have been asked how much importance they attribute to which criteria while evaluating the SERVQUAL of a bank. A group of expert opinions has also been asked to collect linguistic assessments.
The rest of this article is organised as follows: Section 2 includes fuzzy VIKOR methodology and notations; Section 3 includes the data and an empirical study; and Section 4 concludes the study and discusses some future research perspectives.
Fuzzy VIKOR, methodology and notations
The fuzzy VIKOR method has been developed to solve fuzzy multi-criteria problem with conflicting criteria. This method solves the problem in a fuzzy environment where both criteria and weights could be fuzzy sets. The triangular fuzzy numbers are used to handle imprecise numerical quantities. Fuzzy VIKOR is based on the aggregating fuzzy merit that represents distance of an alternative to the ideal solution. The fuzzy operations and procedures for ranking fuzzy numbers are used in developing the fuzzy VIKOR algorithm. VIKOR focuses on ranking and selecting from a set of alternatives in the presence of conflicting criteria and on proposing compromise (one or more) solution (Opricovic, 2011) .
VIKOR method was first developed by Opricovic and Tzeng (2004) . This method is based on the compromise programming of multi-criteria decision making. The alternatives are each evaluated according to separate criterion functions; the compromise ranking could be utilised by comparing the measure of closeness to the ideal alternative .
VIKOR focuses on ranking and selecting from a set of alternatives and determines compromise solutions for a problem with conflicting criteria which can help the DMs to reach a final decision. VIKOR is based on old ideas of compromise programming (Duckstein and Opricovic, 1980; Yu, 1973 ). An extension of VIKOR (Opricovic, 2007) to determine fuzzy compromise solution for multi-criteria is presented.
The fuzzy VIKOR method is developed as a fuzzy MCDM method to solve a discrete fuzzy multi-criteria problem with conflicting criteria. Different from the VIKOR method, fuzzy VIKOR defines all the ratings and weights through linguistic variables. Fuzzy VIKOR uses linguistic variables since it is difficult for a DM to assign a precise performance rating to an alternative for the attributes under consideration. Steps of fuzzy VIKOR (Opricovic, 2007) are presented below but we refrain to demonstrate detailed notations. In this paper, we assume the alternatives and criteria are evaluated by the triangular fuzzy numbers f ij = (l ij , m ij , r ij ).
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− − = = = = and v is introduced as a weight for the strategy of 'the majority of criteria' (or 'the maximum group utility'), where as (1 -v) is the weight of the individual regret.
Step 5 Defuzzification of , , Crisp values are calculated by the centre-of-gravity (Opricovic, 2007) and the crisp values are sorted from low scores to high scores. The alternative with the lowest score of Q j will be proposed as a compromise solution if the following two conditions are satisfied.
C1 Acceptable advantage
,
where DQ = 1 / (j -1), j represents here the number of alternatives. The Q value of the second best alternative and best alternative satisfies this condition A (1) will be proposed as a compromise solution.
C2 Acceptable stability in decision making.
The alternative A
(1) must also be the best ranked by S or/and R. If one of the conditions is not satisfied, then a set of compromise solutions are proposed, which consists of:
• Alternatives A
(1) and A (2) if only the condition C2 is not satisfied.
• If the condition C1 is not satisfied and
and A (j) are accepted as a compromise solution.
Data and empirical study
Fuzzy number sets introduced by Zimmermann let us deal with problems which had been inaccessible to and unsolvable through conventional approaches. We aimed to evaluate the banks' SERVQUAL with MCDM approaches since we were curious about the applicability of fuzzy MCDM methods on banks' SERVQUAL. Most banks in Turkey have branches that operate in Afyon. We chose the four most preferred banks because these four were the most used and their features were the most common to our students. MCDM methods generally need concrete numerical values which are difficult to obtain in many cases. For our case, we prefer linguistic variables to evaluate banks' SERVQUAL because it is easier to collect this information from students with basic questionnaires. To collect crisp data for the SERVQUAL is rather difficult and can be illusive for a research.
SERVQUAL is always based on the qualitative means. For that reason, expressing preferences with linguistic variables is most commonly used by the researchers (Lupo, 2013; Tseng, 2011) . The linguistic variables which we used are shown in Table 1 and  Table 2 . Table 1 Linguistic variables for the importance weight of each criterion 
Linguistic variables

Table 2
Linguistic variables for the ratings
Linguistic variables Ratings of alternatives
Very poor (VP) (0, 0, 1)
Medium good (MG) (5, 7, 9)
Good (G) (7, 9, 10) Very good (VG) (9, 10, 10) To collect the preferences of students and three experts (a marketing lecturer, finance lecturer and economics lecturer in Afyon Kocatepe University), questionnaires consisting of linguistic variables were applied. Then, linguistic variables are converted into fuzzy number sets using Table 1 . The weights of the criteria will be evaluated using the preferences of students. Table 3 shows the summary of fuzzy number sets for the criteria.
Table 3
The fuzzy number sets of student's preferences We use Table 2 to convert the linguistic variables of the expert's preferences which can be seen below. Fuzzy number sets here are used to handle imprecise numerical quantities since real life problems are mainly difficult to solve with crisp data.
Table 4
The fuzzy number sets of expert's preferences for the banks
Bank Alternative 1 E 1 (5, 7, 9) (3, 5, 7) (7, 9, 10) (1, 3, 5) (1, 3, 5) (1, 3, 5)
E 2 (5, 7, 9) (5, 7, 9) (7, 9, 10) (7, 9, 10) (7, 9, 10) (5, 7, 9) E 3 (5, 7, 9) (3, 5, 7) (7, 9, 10) (0, 1, 3) (0, 1, 3) (1, 3, 5)
Bank
Alternative 2 E 1 (5, 7, 9) (5, 7, 9) (7, 9, 10) (3, 5, 7) (3, 5, 7) (5, 7, 9) E 2 (5, 7, 9) (3, 5, 7) (7, 9, 10) (7, 9, 10) (5, 7, 9) (7, 9, 10) E 3 (9, 10, 10) (7, 9, 10) (9, 10, 10) (7, 9, 10) (7, 9, 10) (9, 10, 10)
Alternative 3 E 1 (5, 7, 9) (3, 5, 7) (7, 9, 10) (3, 5, 7) (1, 3, 5) (1, 3, 5)
E 2 (5, 7, 9) (7, 9, 10) (7, 9, 10) (7, 9, 10) (7, 9, 10) (5, 7, 9) E 3 (7, 9, 10) (3, 5, 7) (7, 9, 10) (0, 1, 3) (0, 1, 3) (0, 1, 3)
Alternative 4 E 1 (3, 5, 7) (1, 3, 5) (1, 3, 5) (3, 5, 7) (3, 5, 7) (5, 7, 9) E 2 (3, 5, 7) (7, 9, 10) (7, 9, 10) (7, 9, 10) (7, 9, 10) (7, 9, 10) E 3 (7, 9, 10) (7, 9, 10) (7, 9, 10) (5, 7, 9) (5, 7, 9) (3, 5, 7)
We obtain fuzzy decision matrix by the help of Table 4 and will process it with the equations (1) to (7) to reach the final outranking of the alternatives. Table 5 shows the fuzzy decision matrix which will be the basis for the next steps. We first choose the best and worst value using equations (1) and (2), then obtain the normalised fuzzy difference d ij values with the help of equations (3) and (4). We evaluate the S j and R j values benefiting from (weights and d ij values) and show them in Table 6 . You can see the fuzzy and defuzzicated values of the alternatives in Table 6 , we use them to obtain Q j which will lead us to evaluate the final out rankings. (7) and shown in Table 7 . The alternative with the lowest score of Q j is outranked here as the compromise solution because Bank alternative 2 is also satisfying both conditions which were mentioned in Step 5. The final outranking of the alternatives are Bank alternatives 2, 4, 3 and 1, respectively due to their values of Q j . The gap between Bank alternative 2 and the other alternatives points out that SERVQUAL of the Bank alternative 2 is much preferred by the students of Afyon Kocatepe University.
Conclusions
In business and industry, many different approaches have been applied to evaluate the performance of the establishments in both quantitative and qualitative methods. These approaches include ratio analysis, regression analysis, Delphi analysis, balanced scorecard, analytic hierarchical process (AHP), data envelopment analysis (DEA) and mainly MCDM methods in the recent years. One of the main advantages of the MCDM methods is they can use both quantitative and qualitative preferences over criteria. We believe that it is highly difficult to assign concrete numbers over the criteria while the evaluation topic is SERVQUAL for that reason we applied a fuzzy approach to take benefit from the features of it. Using a fuzzy approach rather than a definitive judgement brings a convenient space for the researchers to gather effective and healthy results.
To do so, we prepared wide range of questionnaires and applied to almost 400 students in Afyon Kocatepe University. First, we tested if we can convert that much questionnaires into fuzzy number sets. After realising it, we used fuzzy number sets in the fuzzy VIKOR method to outrank the banks according to service equality. By evaluating the banks with the fuzzy VIKOR method in the light of SERVQUAL factors, we intended to test the applicability of the method over preferences of the students. We believe that evaluating the SERVQUAL of the establishments and their services, such as hotel services, hospital services, etc. can be a good area of fuzzy decision-making methods as well.
In this study, we have tried to show that it can be possible to outrank the alternatives and evaluate the performance of SERVQUAL with using questionnaires in linguistic variables. It is obvious that, to obtain enough concrete data for a daily problem is generally hard. In these cases, linguistic variables and fuzzy number sets are beneficial to solve the problems.
As a further research perspective, the research can be extended to evaluate the performance of hotel services, hospital services, etc. by using linguistic variables in questionnaires.
